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BACKGROUND OF THE INVENTION 

Curable silicone coatings for release of pressure-sensitive adheslves (PSA) are known. These coatings 
may be cured via tin-catalyzed condensation reactions, platinum-catalyzed addition reactions, or radiaUon-lni- 
5 tiated crosslinking reactions. 

Linear pdydimethyl sioxanes form wiiat are referred to as premium or low releasa coatings. When cross- 
linlted, these materfais form abhesive surfaces from which a PSA-laminated facestccic may be detached with 
very little force required. Such premium release characteristic is desirable for many applications. 

There are, however, significant applications for silicone release coatings which do not provide easy release 
10 from PSA's. Such coatings which provide a tight or controlled release characteristic are desirable, for example, 
in industrfai labeling operations which run at high speed. A high release slicone agent Is desirable in ordw to 
prevent so-caiied premature dispensing of the label from the release liner. A controlied release characteristic 
is useful for two-sided release laminate applications wherein one side of the luminate Is coated with a pramium 
release slicone and the other side is coated with a tight release slloone, thus providing a differential release 
IS structure. 

Ideally, silicone release systems that have a range of release characteristics are desirable. Such silicone 
coating systems would enable an end-user to selectively adjust the formulation to give the desired level of re- 
lease depending on the specific application. Atight release polymer capatiie of giving a range of release levels 
in a blend with premium release polymeria referred to as a controlled release addUye (CRA). 
20 liltravioiet light-curable silicone release coatings based on epoxysilicone polymers, as taught by Eckberg 

etal., U.S. 4,279,717, are widely used in the release coating and pressure-sensitive adhesive (PSA) Industries. 
For example, see generally the chapter entitled "SNicones* by B. Hardman and A. Torkeison in the Encyclopedia 
of Polymer Science and Engineering. 2nd edit. Vol. 15. pp. 204-308, 1 989. John Wley & Boris. Ina. New York. 
EpoxysllkxMie polymers are conveniently manufectaired through the hydrosilation reaction between an SIH- 

29 containing silicone monomer or polymer, and olef in epoxkles. The general hydrosilation reaction between a 
silicone and olefin can be expressed for monofuncttonai silane derivatives as 

■SiH * CH2=CH-Q -> >Si-CHrCH2-Q 
and for di-functional sitoxane derivatives as 

-(-CH3(H)SiO-)- + CHz-CH-Q - -» -(-(CHa)(QCH2CH2)SIO-)- 

30 where in both cases Q Is an organic radical. The hydrosilation reaction is particularly useful for the addition 
of lunctional radicals onto siianes and silicones. For example, reaction of a hydrogensHoxane with an epoxy- 
containlng olefin yieMs an epoxy-funcUonal slioxane. 

Epoxysllicones generated through, for example, the hydrosilat'ion reaction can be cured either thermally 
or, In the presence of the appropriate catalysts and possibly accelerators, by irradiation. Generally, UV-in- 

35 duced, cationic catalysis is preferred in the cure reaction of epoxysllicones due to the relatively high cure rates 
achieved, and the low temperature which can be employed, thereby preventing damage to temperature-sen- 
sitive materials being coated, and the tow risk of potential hazards to both industrial users and the environment. 
Upon exposure to UV radiation, caUonlc type photo-inltiatorB generate a strong Bronsted add, which effects 
the opening of the oxirane ring in the epoxide radical of an epoxysilicone polymer, and the subsequent ether- 

40 if kation through which cross-linking of the resin is achieved. 

The curing of epoxysRicone polymers is well documented in the patent literature. For example. U.S. Patent 
No. 4,576,999, issued to Eckbaig, discloses epoxy and/or acrylk: lunctnnal polyslktxanes as UV-curable ad- 
hesive release coatings. The catalyst may be a photo-initiating onium salt and/or a free radical photo-initiating 
catalyst. U.S. Patent Nos. 4,279,717 and 4/421,904, both issued to Eckbeig, et ai., disclose epoxy functional 

4S diorganosiioxane fluids combined with iodonium salts to form UV curable adhesive release compositions. U.S. 
Patent No. 4,547,431 discloses an epoxy functional dksrganosiloxane combined with onium salt catalyst and 
polyfijnctional epoxy monomere to also form an adhesive coating. 

As described in U.S. Patent No. 4,576,999, the preferred UV photo-initiatocs for the curing of epoxyslli- 
cones are the "onium" salts, of the general formulae: 

« R2l*MX„- 

RaSeT^Xfr 
R4P1WX„- 
R4N*IWX„- 

55 where different radicals represented by R can be the same or different organic radicals from 1 to stout 30 car- 
bon atoms, including aromatic carbocycllc radicals from 6 to 20 carbon atoms which can be substituted with 
from 1 to 4 monovalent radfcais seleded firom C(i.8) alkoxyi, Cd^g^alkyl, nitro, chloro, bromo, cyano, carboxy, 
mercapto, etc., and also including aromatic heterocyclic radicals including, for example, pyridyl, thiopheny, pur- 
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anyl, and others; and MX„" is a non-basic, non-nudeophilic anfon, such as BF4", PFe", AsFe", SbP,- HSO4", 
004-, and others as knovm in the art The photo-initiators may be mono- or multi-substituted mono, bis or tris 
aryl sails. In the above and subsequent definitions, the piefix 'heteio* is meant to include linear or cyclic or- 
ganic radicals having incorporated therein at least one non-caibon and nonhydrogen atom, and is not meant 
5 to be limited to the specific examples contained herein. According to U.S, Patent No. 4.977,198, the onium 
salts are well known, particularly for use in catalyzing cure of epoxy functional matsriats. 

As disclosed in U.S. Patent No. 4.279,717, the radiatfon-iniHated cure of epoxysilicones coated on a sub- 
strata can be achieved with UV lamps such as: mercury arc lamps, (high, medium and low pressure), Xenon 
arc lamps, high intensity halogen-tungsten arc lamps, microwave driven arc lamps and lasere. 
10 Thermal-cure siicone release systems as in Sandford, U,S. Patent No. 4,123,604 and Kail, U.S. Patent 
No, 3,527,659 maice use of slicone resins, specifically Q-contelning resins, to piwide tight release for CRAs. 
Alternative compositions described as being useftjl CRAs are limited to solvent-dispersed products, such as 
disclosed in Morrow, U.S. Patent No. 4,171.397, Reusser. U.S. Patent No. 431.876 and Hockemeyer. U.S. 
Patent No. 4,208.504. UV cure epoxysilicone release agents, such as disclosed by Eckberg et ai., U.S. Patent 
IS No. 4.279,717 are premium release agenta, particularly when applied to film or plastic substrates. 

CRAs for epoxysilicone systems have been produced by syntheses of epoxysMicono polymers incorpor- 
ating polar phenolic and benzoate ester functional groups In the polymer along with reactive cydoaliphaUc 
epoxy groups, as disdosed by Eckberg et al. in U.S. Patent No. 4.952.657 and U.S. Patent No. 4,977.198. re- 
spectively. These compositions, however, have proven to be slower-curing than the low release epoxysiltoones 
with which they are to be blended, and are generally not useftjl at concentrations below 70 wt % of the totel 
coating bath, particularly against non-aggressive rubber or hot melt adheslves. 

A major drawback to the use of the "onlum" salt calalyste in the polymerization of epoxysllteones lies fri 
the highly polar nature of these salte. As the commonly used silicones are based on non-polar polydlmethyl- 
sitoxane pdynwis, the pdar "onkjm" catalyste are not suffidentiy miscible with the reain to affect as fast a 
cure rate as wouM generaly be desirable nor are suspensions of the insduble catalysts stable. The need there- 
fore existe to devise novel materials and processes In which the miscibllity of the photo-inltiatore and slloxanes 
are much improved. 

Two general approaches have been taken to increase the miscibllty of an onium photo-initiator and an 
epoxysUicone resin. The first approach has been to increase the hydrophobidty of the catalyst through use of 
onium salts containing non-pdar, organic radicals. This approach led to investigations of potential onium salts, 
particularly long^hain alkyl-substituted bisaryliodonium salte, which are leas pdar in natore than their sulfo^ 
nium counterparts. As disclosed in U.S. Patente No. 4,882,201 and 4,279.717, particularly useful catalyste of 
this type are the linear or branched, Cg or greater alkyi and alkoxy, mono- or disubstltuted, bisaryliodonium 
salte. As further disdosed in U.S. Patent No. 4,882,201 , the long-chain, alkoxy-eubsUtuted aryliodonium salts 
also possesses the useful property of being much less toxks than the non-substitoted onlum salt photo-initia- 
tors. 

A second approach to alleviating the aforementioned misdbllity problem between the photo-initiator and 
a silicone has been to incorporate sBphenyiene Wocks into a siloxane backbone, for example as disdosed in 
U.S. Patent No. 4,990,546. This approach, when coupled with the use of the above-described substitoted 
onium salts, proved useful in increasing photo-Initiated cure. However, the incorporation of silphenylene blacks 
into a silicone resin is not commerdally viable for release coating appltoations, since the disiiyl-fundkinal ben- 
zenes needed to produce the siiphenylene-contalning pdymers are not avalabie in oommerdal quantities. 

In a more indirect effort tb overcome the relatively slow cure rates due to the above-menttoned miscibllity 
problem, an epoxysilicone pdymer is pre-crosslinked as disdosed, for example, in U.S. Patent No. 4,987,158. 
While such pre-crossllnked epoxysilicone networks, formed from vinyl tetramer and SIH-contalning linear sil- 
icones, partially overcome some of the slow cure associated with tong chain epoxysiltoone coatings which are 
not rich in epoxy content these partially-cured resins stni do not possess a solubility with iodonium catalysts 
that is suff icienUy high to be commercially useful as UV-curaMe materials in most applications. 

Attempts have been made to utilize silicone resins with linear UV curable epoxysilkx>ne fluids for CRA ap- 
plications. These have been unsuccessful because non-functional Q resins do not cure into the UV-cured re- 
lease coating, and epoxy-functional Q resins thus far produced are high viscosity materials or solids in the neat 
form whk:h are immlsciile with known premium release silicone polymers without use of solvent carriers. 

Due to the above-mentioned considerations, it has therefore been desirable to increase the miscibllity of 
polar compounds, particularly photo-initiator salts, in epoxysilicone resins such that high and effident cure 
rates can be economically achieved. In addition, it would also be advantageous to, at ttie same time, provide 
for epoxysilicones that are useful as CRAs and in particular are effective to conbwl the release properties over 
a broad range of values. 
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SUMMARY OF THE INVENTION 

In a particular embodiment, the invention is directed to a UV curable epoxy-functional silicone polymer 
formed by the hydrosilation reaction of a vinyl containing multifunctional resin and a low molecular weight SiH- 
5 containing slioone fluid, prior to the introduction of epoxy in a second hydrosilation reaction. 

It has been discovered that a novel synthesis of epoxysilicone polymer incorporating Q-type resin struc- 
tures results in compositions which are tester-curing and which more efficiently modify release than the avail- 
able controlled release products. The compositions are prepared using a pre-crosslinking reaction, wherein an 
Mv>MQ or M^iMTQ Bilicone resbi or a mbcfure of an Mv>MQ or MviMTQ resin and a dIaliylatBd polyether Is prs- 

10 crossllnked with a low molecular weight SIH containing silicone fluid, such that, a portion of available SiH 
groups of the fluid rea ^ via hydrosilation with the vinyl groups of the resin prior to introduction of epoxy in a 
second hydrosilation reaction of remaining SiH with an olefinic epoxy such as 4-vinylcyclohexeneoxide 
(VCHO). The resulting product, when used as a CRA for epoxy functional PSAs, results in compositions having 
a broad range of release charaictoristics. in one embodiment ofttie invention, the level of release may be sub- 

is stantlally proportional to the amount of CRA. 

In a particular embodiment, a method for synthesizing an ultraviolet radiation curable release coating com- 
position is described. The method comprises the steps of reacting (A) a low molecular weight SiH-oontaining 
silicone fluid with (B) a slioone resin of the formula M^MQ or M«<MTQ wherein M«< is a vinyl-substituted mono- 
functionai chainslopperunit r7^2SiOa.5 where R«* is a vinyl-containing aliphatic hydrocarbon radical, preferably 

20 -CH=CH2, and R is an aliphatic or aromatic hydrocarbon rad ical. The silicone resin has a ratio of monofunctional 
M to tetralunctlonal Q units in the range of about 0.3:1 to about 2.5:1 . Optionally, reacting (A) with (B) and (B*) 
an allylated or diaHylated polyether of structure CH2=CHCH20(CHR'CH20).R", where a is an Integer from 1 
to about 50 and R" Is H, R, or -CH2CH=CH2. The reaction of (A) with (B) and (B*) is such that the total moles 
of SiH in (A) exceeds the total moles of olefin in (B) + (B') to produce an SiKI-containing intermediate compo- 

25 sition (C) bearing pendent silicone Q resin or, optionaily, (C) en SiH-oontaining intermediate composition bear- 
ing pendent slicone Q resin and pendant polyether blocks, in the method, the SIH groups of (C) or (C) are 
subsequently reacted with (D) an unsaturated epoxy-oontainlng coinpound thereby creating (E) an epoxy^ 
functional slicone bearing pendent silicone O resin or (E") an epoxy^fundtonal slioone tiearing pendent sfllcone 
Q resin plus pendent polyether block segments. 

30 in the method, (A), the SIH-containlng slicone fluid is a linear siiteone molecule of general formula 

where M is 

RaSiOiQ, 
DH is R(H)Si02fl 
35 D Is RjSIOjn 

X ranges from about 2 to about 50, y ranges firom about 5 to about 500, and R is an aliphatic or aromatic radical. 
Preferably x is about 2 to about 10, and more preferably about 2 to about 6. Preferably y is about 10 to about 
50, and more preferably at>out 10 to about 20. 

(B), the vinyl-functional slicone resin is of the general formula M**MQ or N^MTQ, where is 
40 CH2«CH(R)28iOt/2, T is RSiOaa. and Q is S\04a. The ratto of total M:Q is about 0.3:1 .0 to about 2.5:1.0, pre- 
ferably alXMJt 0.5:1.0 to about 1.0:1.0, and ntore preferably about 0.5:1 .0 to about 0.8:1 .0. The total weight % 
vinyl Is about 0:5 to about 5.0, preferably about 1.0 to 3.0, and more preferably about 1.0 to 2.0%. 

(B'), the allyl-functlonal polyether is of the general structure CH2=CHCH0(CHR"CH20)R/, where R' is H. 
CHa, or C2H6: and where R" is H, R. or -CHrCH^CHa. Preferably z is about 1 to about 50, preferably about 5 
4S to about 30. more preferably about 5 to about 20. 

in the method herein disclosed, (C) and (C), the intermediate reactton product may be represented as, 
respectively, 

(C) is MD,D2„DH,M. 
where n + m = x, and where is 
so RSi(M2MQ or M*MTQ)02c, 

and where is -CH2CH2SiF?20i/2; 
and (C) is MD,D2,D3fcDHcM, 
where a + b + c = x, D^is 

RSi(M3(0CH(R')CH2)iOR")O2c, 
55 where M3 is -CH2CH2CH2-, R' is H. CH3, or C2H5, and R" Is R, H, or M^SI = is from an adjacent polymer chain. 
Preferably n is about 1 to about 20, preferably about 1 to about 1 0, and more preferably from 1 to about 5. Pre- 
ferably m is about 1 to about 40, preferably about 2 to about 20, and more preferably from about 2 to about 1 0. 
Preferably a is about 1 to about 20, preferably about 1 to about 1 0, and more preferably from 1 to about 5. Pre- 
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fBtaWy b is about 1 to 10, preferably about .1 to 5, and more preferably 1 to 3. 

(D) , the unsaturated epoxy-containing compound is selected from aliphatic, cyctoaliphatio, or glycidyl 
epoxy compounds also bearing olefinic groups capable of undergoing hydrosllation addition reactions with SiH- 
functionai groups; preferably selected from allylglycidyl ether, 1-methyl-4-l8oprDpenyl cydohexeneoxide 1 4- 
^j|^J*'y'-4-v"y'<yc'ohexenooxide, and 4-vinylcyclohexaneoxide, and more preferably 4- vinyl (^ohexeiie- 

(E) or (E"), the epoxy-lunctional silicone being the Reaction product of (C) or (C) with (D), respectively, 
where 

(E)isMDyD2J)E„M, 



— R"'— Si(CH,)Oj/j; 

and 

(E') Is MDyD2,D»bDE.M, 

where M. D, ID^, D^. de, y, n. m, a, b, c are as defined above, and where R" is an aliphatic aromatic, or ether- 
contalnlng aliphatic group; most preferably 



IS 



The ultraviolet radiation curable release coating composition of the invention comprises an (E) epoxy- 
functionai silicone bearing pendent silicone Q resin or (E") an epoxyfiinctional slicone (P) bearing pendent 
silicone Q resin plus pendent pdyether block segments. 

(E) or (£■) result firom the reaction of (A) a low molecular weight SiH-contalning silicone fluid and (B) a sil- 
icone resin of the formula M"MQ or U^UJQl wherein M"" is a vinyl-substituted monofunctionai chalnstopper 
unit R^iRzSio^ where R»< is a vinyl-containing aliphatic hydrocarbon radical preferably -CH=CH2, and R is an 
aliphatic or aromatic hydrocarbon radical. Optionally. (E") results from the reacUon of (A) with (B) and (B') an 
allylated or diailyiated polyet her of structure CH2=CHCH20(CHR'CH20),R", where a is an integerfrom 1 to 50 
and R" is H, or R, or CHaCHsCHj. 

In the reaction, the total moles of SiH in (A) exceeds the total moles of olefin in (B) + (B') to produce (C) 
an SiH-containing intermediate composition bearing pendent sHicone Q resin or, optionally, (C), an SIH-con- 
taining intermediate composition bearing pendent silicone Q resin and pendant poiyether blocks. Asubsequent 
reaction of the SiH groups of (C) or (C) with (D) an unsahirated epoxy-containing compound thereby produces 
(E) or (E'). The sllkwne resin has a ratio of monofunctionai M to letrafunctional Q units in the range of about 
0.3:1 to about 2.5:1 . (A), (B), (B'), (C), (D), (E) and (E') are as defined above, and cure is effected in the pres- 
ence of 'onium salt catalyst. 

DESCRIPTION OF THE INVENTION: 

In accordance with the invention. (A) a low molecular weight SiH containing siloxane fkiki Is pre-cross- 
Imked with (B) a vinyl containing multidinctional silicons resin ora mbdure of (B) and (B'). a diailyiated poiyether 
to produce (C) or respectively, a pre-crasslinked intermediate. A portton of the SiH reacts by hydrosilatton with 
the vinyl groups. Thereafter. (D) an olef in-epoxy material is Introduced, and In a second hydrosllation reaction 
the remaining SiH firom (A) reacts with (D) to form (E), a UV curable epoxy functional silicone bearing pendant 
silicone resin or (E'). a UV curable epoxy silicone bearing pendant silicone resin plus chemically bonded polv- 
ether blocks. ' 

in general, (A) the sUicone f luM Is a low molecular weight material having the general formula 

MDH,DyM 

where M is 

RaSiOi^z 

DH is R(H)Si02^2, 
D is RjSiOz/z, 

x ranges from about 2 to about 50, and 
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y ranges from about 5 to about 500. 
(B) the siicone resin may be any of the folknving: 

M*<MQ 

5 where is a vinyl substituted monofunctional R^i^l^jOia unit where RVi is a vinyl containing aliphatic hy- 
drocarbon radical and R is an aliphatic or aromatic hydrocarbon radical, 
M is RsSiOiQ, 
Q is Si04«, 
T is RSiOaa. 

10 Component (B), the vinyi-functional Q-containing silicone resin, is conveniently prepared by cohydrolysis 
of blends of tt e appropriate slanes. For example, an M^MTQ resin Is prepared by addition df a solution of 
dimethylvinyl-chlorosilane, trimethylchlorosNane, methyUrimethoxy-silane, and ethylorthosilicate in xylene to 
water, followed by isolation of the aromatic sdvent fraction and work-up well-l(nown to those sidllad n the art 
Component (BO isan allyMunctional pdyether, prefBrably diallyl-stopped, such as CHf'CHiayo (CH2CH2P)i(r 
15 CX;H2CH=CH2. (B') can also be monoallyiated, such as CHz^CHCHjOICHR'GHzOLR', where z is an integer 
and R' is H or CH3 or CaHs. 

Component (B') may be present in the composition of this invention in an amount ranging from 0% to about 
50%, preferably firom abut 0 to 25%, and more pr^rably from about 0 to about 10% by weight 

Component {C) is the reaction product of an excess of (A) with (B) such that sufficient unreacted SiH is 
20 retained for subsequent reaction with (D), an olef inic epoxide, to produce a W-curable epoxy-functional silicone 
polymer product For example, MDH,DyM. component (A), when reacted with M^MQ or W*MTQ resin such that 
the SIH groups of (A) are in excess compared with the vinyl groups of the resin (B), provides an intarmediale 
product component (C), which can be represented as 

25 where n+m = x, D2 is RSi(M2MQ or M^Q)02a. and 
where is -Cht2CH2SKCH3)zOvz. 

CompoiMnt (C) is the reaction product of (A) with (B) or (B") or mbctures thereof such thatthe total amount 
of reactive SiH in (A) is sufficiently greater than the combined amount of olef in In the components (B) and (B') 
lo permit subsequent reaction with the olefin epoxide (D) to produce a UV-curable epoxysilicone composition. 

30 Component (C) can be represented as 

Mi3yD2.DV)H^ 
where a'l-b^c « x, is as described atwve, and tfl is 

RSi[IW3[OCH(R')CHJO;,R"10a2 
where is -CH2CH2CH2-, R" is H, CH3, orCHaCHs, and R" is R, H, or-M^Siafrom a second silicone polymer 
35 chain. <C') can thus be thought of as linear silicone molecule derived from component (A) lightly crossllnked 
through slioona resin and polyether linlcages. 

Component (D) is an organic epoxide monomer also bearing unsaturaUon rendering It capable of hydrosi- 
lation reaction with SiH groups present on components (C) or (C) to produce compositions (E) or (E'), respec- 
tively, which are each epoxy-functionalized silicone polymers incorporating pendant silicone Q resin without 
40 or with block polyether segments, respectively. 

The vinyl- or atlyl-functional epoxides contemplated are any of a number of aliphatic, glyddyl, or cycloali- 
phatic epoxy compounds having olef inic moieties which will readily undergo addition reactions with SiH-funo- 
tional groups. Commercially obtainable examples of such compounds include ally! glycldyl ether, methallyl gly- 
cidyl ether, 1-methyl-4-isopropenyt cydohexeneoxide limoneneoxide, SCM Corp.), 1.4-dimethyl-4-vlnylcyclo- 
45 hexeneoxide (VCHO) (Viiting Chemical Co.), and 4-vlnyl cydohexene monoxide. 4-vlnyl cydohexene monox- 
ide (VCHO) is preferred. 

In a particular embodiment, a method for synthesizing an ultraviolet radiation curable release coating com- 
position is described. The method comprises the steps of reacting (A) a low molecular weight SIH-containing 
silicone fluid (B) with a silicone resin of the formula Mv)MQ or Mv*MTQ wherein M^isa vinyl-substituted mono- 

50 functional c lainstopper unit R^'RiSiOo.B where R*^ is a vinyl-containing aliphatic hydrocarbon radical , preferably 
-CH=CH2, and R Is an aliphatic or aromatic hydrocarbon radical. The silicone resin has a ratio of monofunctional 
M to tetrafunctional Q units in the range of about 0.3:1 to about 2.5:1. Optionally, reacting (A) with (B') an al- 
lyiated ordiallylated polyether of structure CH2=CHCH20(CHR'CH20)aR", where a is an integerfrom 1 to about 
50 and R" is H, R. or -CH2CH=CH2. The reaction of (A) with (B) and (B') is such that the total moles of SiH in 

S5 (A) exceeds the total moles of olefin in (B) + (B") to produce an SIH-containing intermediate composttion (C) 
bearing pendent silicone Q resin or, optionally, (C) an SIH-containing intermediate composition bearing pen- 
dent silicone Q resin and pendant polyether blocks. In the method, the SiH groups of (C) or (C) are subse- 
quently reacted with (D) an unsaturated epoxy-containing compound thereby creating (E) an epoxy-functional 

6 
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silicone bearing pendent silicone Q resin or (E") an epoxy-fundional silicone bearing pendent silicone Q resin 
plus pendent polyether block segments. 

In the method, (A), the SIH-containing siteone fluid is a linear silicone molecuie of general formula 
IVlDHxDyH4, where M is RsSiOjn. D" is R(H)Si02n, D is RaSiO^, x ranges from about 2 to about 50, y ranges 
from about 5 to about 500, and R is an aliphatic or aromatic radical. Pr^eiabiy x is about 2 to about 10, and 
more preferably about 2 to about 6. Preferably y is about 10 to about 50, and more preferably about 10 to about 
20. 

(B), the vinyl-lunctional silicone resin is of the general formula M^MQ or IW^WTQ, where M"' is 
CH2=CH(R)2SiOi/2, T is RSiOaa, and Q is SiO«. The ratio of total M:Q is about 0.3:1 .0 to about 2.5:1.0, pre- 
ferably about 0.5:1.0 to about 1.0:1.0, and more prtferably about 0.5:1.0 to about 0.8:1.0. The total weight % 
vinyl Is about 0.5 to about 5.0, preferably about 1.0 to 3.0, and more preferably about 1.0 to 2.0%. 

(B'), the allyl-functionai polyether is of the general structure CH2=CHCHO(CHR'CH20)R/, where R' Is H, 
CH3, or C2H5: and where R" is H. R, or -CHrCH=CH2. Preferably z is about 1 to about 50, preferably about 5 
to about 30, more preferably about 5 to about 20. 

In the method herein disclosed, (C) and (C), the intermediate reaction product may be represented as. 
respectively, 

(C) Is MD,D2„DH„M. 
wherB n + m = X, and where is 

RSKM^MQ or UPMroyOia. 

and where is -CH2CH2SiR20,/2; 
and (C) Is MDyD^Jfifi»JM, 
where a + b + c = x, D'b 

RSi(Ma(0CH(R')CH2)z0R")O2e, 
where is -CHzCHzCHr. R* is H, CH3 , or C2H5. and R" is R, H. or M»Si= is from an adjacent polymer chain. 
Preferably n is about 1 to about 20, preferably about 1 to about 10. and more preferably from 1 to about 5. Pre- 
ferably m is about 1 to about 40, preferably about 2 to about 20. and more preferably from about 2 to about 1 0. 
Preferably a is about 1 to about 20. preferably about 1 to about 1 0, and more prsfbraUy from 1 to about 5. Pr«^ 
feraWy b is about 1 to 10, preferably about 1 to 5, and more pref^Uy 1 to 3. 

(D) , the unsatoratttd epoxy.contalning compound is selected from aliphatic, cycloaliphatic. or giycidyl 
epoxy compounds also bearing olef inic groups capable of undergoing hydrosilation addition reactions with SiH- 
fiinctlonal groups; preferably selected from allytglycidyl ether, 1.4-dimethyl-4-i8opropenyi cydohexeneoxide, 
1.4-dimethylk-4-vinylcyclohexeneoxide, and 4-vinyicyclohexeneoxide, and more preferably 4-vinyl cydohex- 
eneoxide. 

(E) or (E"), the epoxy-functional silicone being the reaction product of (C) or (C) with (D), respectively, 
where 

(E) is IVIDyD2J5E„M. 




"— Si(CH,)02«; 



and 

(E') Is MDyD2aD3i,DE,M. 

where M, D. D^. D*. De. y, n, m, a. b. and c are as defined above, and where R" is aft aliphatic, aromatic or 
ether containing aliphatic group: nnore preferably 




R'" is _/ V-CH2CH2 



The ultraviolet radiation curable release coating composition of the invention comprises an (E) epoxy- 
functional silicone bearing pendent silicone Q resin or (E') an epoxy-functionai silicone {£') bearing pendent 
silicone Q resin plus pendent pdyether block segments. 

(E) or (E') result from the reaction of (A) a low molecular weight SiH-containing silicone fluid and (B) a sil- 
icone resin of the formula M^MQ or IW^ilVITQ wherein M"" is a vinyl-substituted monofunctional chainstopper 
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unit R^'iRaSiOg^ where Rv> is a vinyl-containing aliphatic hydrocarbon radical preferably -CH=CH2, and R is an 
aliphatic or aromatic hydrocartkm radical. Optionaly, (E") results from the (aactlon of (A) and (B) + (B'), an al- 
lylated or diallylated polyether of structure CH2=CHCH20{CHR'Ol20).R". where a is an Integer from 1 to 50 
and R" is H, R, or -CH2CH=CH2. 

5 In the reaction, the total moles of SiH in (A) exceeds the total moles of olefin In (B) + (B') to produce (C) 
an SM-containing intermediate composition bearing pendent sllcone Q resin or, optionaliy, (C), an SIH-oon- 
taining intermediate composition bearing pendent silicone Q resin and pendant polyether blodts. Asubsequent 
reaction of the SiH groups of (C) or (C) with (D) an unsaturated epoxy-containing compound thereby produces 
(E) or (E'). The silicone resin has a ratio of monofunctional M to tetraiunctional Q units in the range of about 

10 0.3:1 to about 2.5:1. (A), (B), (B*), (C), (D), (E) and (E*) are is defined above, and cure is effected in the presence 
of 'cnlum salt catalyst 

>n order to promote UV curing, a photocatalyst or combination of photocatalysts may be employed. Pre- 
ferred photocatalysts for the epoxyfunctional silicone compositions are the onium salts having the formulae: 

RjTMXn- 

is RaS^X„- 

R4P MX„~ 

wherein each R is independenliy an oiganic radical of from 1 to 30 carbon atoms. Radicals represented by R 
20 include aromatic carbocydic radicals of from 6 to 20 caibon atoms which can be substituted with firom 1 to 4 

monovalent radicals selected from g) aUcoxy, C(t.a) alkyi, nitrogen, chloro, bromo, cyano, carboxy, mercapto, 

and the like, as well as aromatk: heterocydk; radicals including, e.g., pyrldyl, thiophenyl, pyranyl, and the like. 
In the onium salt formulas provided above, MXb~ is a non-basic, non-nudeophillcanion, such as BF4~, PFe", 

AsFe- SbF,-, SbCle-. HSO4-, aor. and the lice. 
25 The preferred onium salts for use in the composition of this Invention are the diaryilodonlum salts, such 

as bis(dodecylphenyi)iadanium hexafluoroarsenate and bis(dodecylphenyl)iodonium hexafluoroantimonate, 

with bls(dodecylphenyl)iodonium hexafluoroantimonate being the most preferred. 

The amount of catalyst used Is not critical, so long as proper cure is effected. As with any catalyst, it Is 

preferable to use the smallest effective amount poesibie; however, for purposes of llustration, catalyst levels 
30 of from atKiut 1% to about 5%, and preferably from about 1% to about 3%, by weight baaed on the weight of 

the oompositjon have been found suitable. 

The following compositions were prepared and are given by way of Nlustralion and should not be eonatrued 

In any way as limiting the invention. 

3S Example I 

75 g of an SiH fluid of composition MD"4Di8M, total SIH = 0.1425 moles, was dispersed in 75 g toluene in 
a 500 cc flask. 25 g of an MM^Q resin with 1.71 wt % Vi (0.0161 total moles Vi) and an M/Q ratio of 0,67 was 
added to the reaction mixture as a 50% solutkin in toluene. The FTiR of this solution was obtained as the ref- 

40 erence spectrum. 0.008 g of RhCI(Ph3P)3 catalyst was then added, and the reaction mixture brought to 110° 
reflux for 6 hours. FTIR examination of this reaction mixture revealed that 90% of the SiH had reacted with 
the vinyl groups of the MM^Q resin at this time (vs 89% theory). 16g of VCHO (0.129 moles) was then added 
to the refluxing solution in dropwise fashion followed by 2 hours reflux, which reduced the SIH to negligible 
concentratton. 0.01 g of methyldlcocoamine stabilizer was then added, the batch was vacuum stripped of si- 

45 loxane light ends, toluene, and excess VCHO to yield 109 g fluid product, 427 cstk viscosity, no^l .4223, and 
98% solids. Solids content is determined by a weight loss test when 1g of the sample on an aluminum dish is 
heated In a forced convection oven at 150°C for 45 minutes. The weight loss In % vdatiles te a measure of the 
remaining solids. The resulting product incorporated 21.7 wt % M^MQ resin, and possessed an Epoxy Equiv- 
alent Weight of 766. 

so 

Examples 11 and III 

Two similar syntheses were carried out yielding products whose properties are tabulated and compared 
with Example I in the Table below. 

55 
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TABLE I 



10 



IS 



20 



Example 


%\/iinMMViQRs8ln 


M/Q 


% Resin 


Vise. 


1 


1.71 


0.67 


21.7 


427 


II 


2.93 


0.67 


21.8 


725 


III 


1.71 


0.67 


33.3 


1385 



All of these compositions proved to be miscible with a conventional premium release epoxysiiicone polymer 
such as an epoxy ftjnctional PDMS fluid having an epoxy equivalent vraight (EEW) of about 941 ( lereinafter 
ES-I). The compositions of Examples I. II and III were mUed wRh 2 vrt % bisdodecylphenylionium hexafluor- 
oantimonate photocatalyst solution. A 0.5 mH coating of each Example I and II was cured to smear- and migra- 
tion-ftee surfaces when applied to polyethylene coated craft paper (PEK) and exposed to 25 mJ/cm2 focused 
UV light energy in an RPC lab UV Processor in the presence of 2 wt % catalyst solution. The same cure speed 
of 400 fpm in the RPC device is about what is normally observed with premium release EF-PDMS pdymere 

CRA performance of these materials was next evaluated by coating each composition as 20% solids sol- 
utions in a 9:1 hexaneiacetone solvent blend (using 2 wt % photocatalyst sdutton based on total epoxysiiicone) 
on PEK sheets with a #3 wire-wound rod to obtain a coatweight of about LSg/m^. then passing the sheets 
through the UV Processor once at 100 fpm under 400 watts/in total UV power to ensure complete cure A 1 
inch wide tape ( J&J Surgical tape) was affixed to the cured slicone coatings and the force required to deia- 
minate the tape from the slloone surfiace at 12 Ipm pull speed was measured following 20 hr. aging at 70°C 
The release results were as follows: a » • 



25 



30 



35 



TABLE II 


Example 1 


140-180 grams Czipp/ release) 


Example II 


160-200 grams Czipp/ release) 


Example ill 


280-300 grams (smooth, even release) 



Of these three candidates, the release performance of Example III polymer is preferred because it is the 
highest numerical value and Is a smooth, even release. 

Blends of Exanple III wit h ES-I were coated and cured out of soh/ent as described above, along wit h blends 
of phenolic substituted epoxy silicone (ES-II). such as those taught in U.S. 4.952,657. as a control, and the 
same tape release test carried out on the cured sheets so obtained. The results are shown below in Table III- 



40 



45 



SO 
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TABLE III 



B 



Blends of ES-I and CRA 


CRA 


%ES-I 


%CRA 


Release, g/in 


none 


100 


0 


25-30 


Ex. Ill 


50 


50 


40-45 


Ex. Ill 


25 


75 


55-65 


Ex.111 


10 


90 


80-100 


Ex.111 


0 


100 


280-300 


ES-II 


50 


50 


25-35 


ES-II 


25 


75 


45-55 


E&-II 


10 


90 


65-80 


ES-II 


0 


100 


100-140 



The epoxysilicone of Example III with pre-reacted Q resin described above Is superior Id the phenol-mod(- 
f led ES-II CRA In that It provides a larger differential of release when compared to the unmodified premium 
release of ES-I. Furthermore, it is coatable at 100% solids, unlike prior art epoxy-functionallzed MQ resins. It 
26 appears that the "zippy" uneven release exhibited by the composlttons of Examples I and li resultftom the high 
epoxy content of these polymers (EEW < 800} which has been observed to promote ragged, zippy-type release 
in UV-cuFSd epoxysRicone coatings derived from these fluids (as reported by Eckberg in Radtech-North Amer- 
ica 1988 Conference Proceedings pp 576-586). 

The above described syntheses and use of epoxysllcone polymers prepared via sequential hydrosilation 
addition of MM^iq resins, then VCHO, to low molecuiarwelght SIH-fijnctional silicone fluids resulted in producte 
that proved to be superior to existing epoxysiltoone terpdymers devetoped for controlled release appllcattons. 
An anak>gous synthesis was carried out by substHuiing a dfferent dass of Q-containing reains for the MM^ 
resins. The resulting products are useful for UV cure CRA applications when used with conventbnal epoxysi- 
licone release agents. 

35 

Examples IV-V 



A silicone resin was synthesized and found to conform to the following formula through Si^ analysis: 
MmM^jisT jOg- This resin was a tacky, semi-liquid material similar in Hs ftow properties to a soft gum. Use of 
the resin required warming it above room temperature so It would flow. 75 g of an MD15DH4M fluid was mbced 
with 25 g of the MM^TQ resin descrilied above plus 75 g toluene. A reference FTIR spectrum of this solution 
was obtained. 0.02 g of the platinum catalyst described above was then added, and the reaction was mix agh 
tated at 1 1 CO for 2 hours, at which time the SiH concentration was found to be reduced to 89% of the original 
concentration (88% theoretical). 0.01 g of MeN(CuH$7)2 stabilizer was then added, tbiiowed by dropwise ad- 
dition of 0.16 g of a solution of Rha3[(n-Bu)2S]3 in ethanoi containing 1.36% Rh., then 16 g of VCHO, at 110°. 
This was followed by a brief hold at reflux after which all SIH was found to have reacted. The batch was stripped 
to 140°C to yield 107 g of a 310 cstk viscosity fluid product, no2S = 1.4199, and 97.2% solids. Two other ex- 
periments were carried out varying the relative amounts of the I^MVTQ resin, and VCHO giving two other fluW 
products. These new compositions are described and compared in Table IV below: 
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IS 



20 



2S 



30 



35 



40 



45 



50 



Example Wo. 
IV 

V 
VI 



TABLE IV 
% MM 'TO RftBin ViscoBitY 



21.6 
33.5 
40.8 



310 cstk 

854 

1484 



EEW* 

914 

1157 

1340 



♦Calculated Epoxy Equivalent Weight. 



Blends of each of these compositions with 2% of the iodonium photocatalyst Ifoted above proved to be 
hazy, but stable mbctures, which, when manually applied to PEK substrate as 0.5 mil coatings, cured to smear- 
and migration-free adhesive films on exposure to 30-40 mJ/cm* UV flux using the RPO Processor. 

CRA performance of Examples IV and V. the two lower viscosity membere of this series, was assessed 
as described above using the surgical tape as follows: 
Example IV: 100-180 g/ln (zippy, ratchedy release) 
Example V: 220-240 g/ln (smooth, even release) 

Blends of Example V with ES-I were then coated out of solvent as above, and release veisus the suiglcal 
tape (20 hour 70" AAR) was again determined: 

TABLE V 



%Ex. V 


% ES-I 


Release, g/in 


0 


100 


20 


50 


50 


40 


75 


25 


60-75 


90 


10 


110-130 


100 


0 


220-240 



The results show that a broad range of release characteristics is achievable In the epoxy silicones prepared 
in accordance with the present invention. 

Epoxysilicones prepared by pre-reactlon of MM^TQ resins are preferred over those prepared from the 
MM'Q resins because considerably more pendant resin may be reacted Into the epoxy-sllicone structure if the 
T-containing resin is used without unacceptably high vbcosity products resulting. 

EXAMPLE VII 

The composition of Example V described above was synthesized yielding 5 Kg except that the batch 
proved to be 2000 cstk viscosity and incorporated 33 wt % of a resin of structure Mo oyTojQajs (1 .3% Vinyl 
content). 

The following exemplary compositions were made up: 
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TABLE VI 



6 


Example* 


%EX. VII 


% BS-I 




VIII 


100 


0 




IX 


90 


10 


10 










X 


75 


25 




XI 


60 


40 


IB 


XII 


40 


60 




XIII 


0 


100 



*A11 examples contain 3 parts by weight photocatalyst 
^ based upon 100 parts of the composition. 

An 1 8 inch wide 3-roll offset gravure plot coaler was used to apply these compositions to a polyethylene 
laminated ioraft substrate (PEK. from ThUmany Co) at a line speed of 400 fpm. and a coat weight of at>out 1 

25 g/m'. Cure was effected by exposure of the moving web to two focused banlcs of Fusion Systems (Rodwille, 
MD) microwave-fired ultraviolet lamps with medium pressure mercury emission spectrum. All coating t^aths 
cured to smear- and migration-flree sur^ues immediataiy on irradiation. 

Samples of each cured coating were laminated with a solvent-borne acrylic PSA sold under the trade des- 
ignation GELVA263 by Monsanto, then an SCK (supercalendered kraft paper) face stock applied atop the ad- 

30 heaive layer. 2 inch wide tapes of these laminates were prepared, the release force required to pull the sill- 
cone/ PEK lamina away from the PSA/face stock lamina was then determined for a 400 ipm pull, at 180° angle. 
Laminates were aged for 4 weeks at ambient conditk>na Example VIII was not tested In this fashkm; rather, 
the surgical tape was applied to cured coatings of this composition as described above with release of 340 
g/in noted at 12 ipm pull. (This is a very high release force for this non-aggressive tape.) Release results are 

35 tabulated below in Table VII: 



TABLE VII 





EXAMPLE NO. 


initial Release 


4 Week Aged 


40 


iX 


155-170 g/2in 


180-190 g/2in 




X 


115-125 


120-130 




XI 


80-90 


80-90 


45 


XII 


75-85 


65-70 




XIII 


50-55 


45-55 



Release was quite stable throughout the testing period. Most importantly a significant release differential 
was observed between Example XIII (no CRA) and Example XII (40% CRA EX. Xll-Table VI). Prior art CRAs 
used with the known UV curable epoxysiiicone systems (eg. ES-II noted above and benzoate substituted epox- 
ysilicones having an EEW of 1500, ES-III), were ineffective for raising release at levels < 70 wt % of the coating 
composition when mixed with ES-I. 

It has also been found that co-addition of an allylated polyether with the Q resin via hydrosilation prior to 
VCHO reaction, provides a UV-curable epoxysiiicone with superior CRA properties plus enhanced iodonium 
photocatalyst solubility. 
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Example XIV 

The following materials were weighed into a 1 llterflaskfltfed with a reflux condenser and 
100 g of an SiH fluid, approximate formula MD.,^»^M, = 0.19 moles reactive SiH, 150 g toluene, 90 g of a 52 

s wt % solution of Mo.7MVo.7Ta6Qa6 resin in toluene. = 0.023 moles vinyl, 6 g of an allyl-stopped pdyether, ap- 
proximate formula CHzsCHCHjOCCHzCHjOnCHrCHsCHz, = 0,021 moles allyl. The total olefin content of this 
mixture was 0.044 moles. An infrared spectrum of the batch was obtained, then 0.05 g of a solution of platinum 
catalyst was added to the flask, and the reaction mix brought to 1 12°C for an hour. The SiH concentration was 
reduced to 72% of the original concentratbn at this point, versus a theoretical reduction of 76%. 0.013 g of 

10 methyldicocoamlne stabilizer plus 0.1 g of an ethandlc solution of RhClaHbujzS], were added, and the reaction 
mbcture brought to reflux while 22 g (0. 177 moles) of VCHO was added dropwise. A2 hour hold after the VCHO 
feed reduced the SiH concentration to zero, after which the batch was stripped of solvent and other lite ends 
in vacuo at 170°C. A 1277 cstk fluid product was ultimately obtained, with 2% volatile content by 150°C weight 
toss test described above. 

IS Blends of the compositton Example XIV with 1 , 2, and 3% of the kxlonium photocatalyst solution were uni- 
formly dear, stable solutions, with no sign of any Incompatibility. A2% catalyzed bath was applied to PEK sub- 
strate as a 0.5 mil coating, cured to a sntear- and migration-fi-ee coating on exposure to 72 mJ/cm^ UV flux in 
the RPC Processor. The cure rate was slowerthan non-polyether-oontaining CRAs but quite satisfactory none- 
theless. 90:10 blends of this and a similar bound Q resin CRA. example V described above, with an epoxy 

20 fUncttonal PDM8 having the form ^FD^sDasM^ and an EEW of 1 075 (ES-IV), as well as ES-l V alone, were pre- 
pared in a 9:1 hexaneracetone solvent mbdure, then coated on PEK using a mechanical lab coater and a #3 
wire-wound rod. Cure was effected with 2% kxJonlum photocatalyst, based on polymer solids, on exposure to 
150 mJ/cmz UV flux. Cured coatings were later laminated with Monsanto GELVA 263 solvent-borne acrylic 
PSA. then top-laminatBd with SCK paper stock. Release was recorded for 2 Inch wide strips pulled at 400 ipm, 

2S 1 80«<. The results were as ftallows: 



TABLES Vill 





ES-IV 


50g/2in 


30 


90% Example V 


220g/2ln 




90% Example XIV 


425g/2in 



It is apparent that the presence of the poiyether in the Q containing epoxysillcone CRA of Example XIV 
not only improves compatibility of the material with 'onium salt catalysts, but unexpectedly and dramattoaliy 
raises the release force almost twofold. This is a desirable characteristic In a CRA, since such a CRA allows 
the end-user a large range of release values to fit a variety of application requirements. The higher the release 
range attainable the more useful the CRA can be. The level of release may be proporttonal to the amount of 
CRA In the system. 

In accordance with the foregoing, the invention is directed to forming a UV-curable epoxysiltoone CRA 
composition by means of consecutive hydrosRation reactions: 

1 ) IMDxHDyM + MV1MQ or MViMTQ and/or 

up to about 50 weight % of allyl poiyether based upon the total of (B) and (B*) 

2) MDyDu2D„«M and/or MDfi^^D^H3»M 

3) MDyD„2D„EM and/or UDfi,^»D„^ 
where the various components are as defined above. 

In partteular embodiments, controllable release properties may be effecdvely and predictably achieved by 
substantially proportional incorporation of the CRA compositions herein disclosed. 

While there have been described what at present are considered to be the preferred embodiments of the 
present invention, it will be readily apparent to those skilled in the art that various changes may be made therein 
without departing from the inventton and it is intended in the daims to cover such changes and modifications 
as fall within the true spirit and scope of the invention. 



» Claims 

1. A method of providing an ultraviolet radiatbn curable composition for forming a release coating for pres- 
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sure sensitive adhesives. said method comprising tlie steps of: 

reacting (A), a low molecular weight SH-containing sRicone fluid with, 

(B) , a silicone resin of the formula M^MQ or M*<MTQ wherein M^i is a vinyl-substituted monofunc- 
tional chainstopper unit Rv'RjSiOo.s. is a vinyl-oontainlng diphatic hydrocart»n radical, and R is an ali- 

5 pliatic or aromatic hydrocaitwn radical, or 

mixturesof (B)and(B% an aliyialBdordiaiiyiatad polyatharofslruclumCHz=CHCH20(ChlR'CH20)aR". 
where a is an integer from 1 to atxHJt 50 and R" is H, 1^ or -CH2CH=CI-i2, or 

mixtures of (B) and (B") in such a fashion that the total moies of SiH in (A) exceeds t he total moles 
of olefin in (B) * (&) to respectively produce (C) an SiH-contalning intermediate composition bearing pen- 
10 dent sNicone Q resin or, (C), an SiH-containing intermediate composition bearing pendent silicone Q resin 
and pendant polyether blocks, or mbctures of (C) and (C); 

sut>sequenfly reacting the SiH groups of available (C) or (C) with an unsaturated epoxy-containing 
compound (D) thereby respectively producing (E), an epoxy^functionai slicone bearing pendent siiicone 
Q resin or (E') an epoxy-fiinctional slioone bearing pendent siiicone Q resin plus pendent poiyether block 
IS segments or mbdures of (E) and (E'). 

2. The method of providing an ultraviolet radiation curable composition as in daim 1 , wherein said siiicone 
resin has a ratio of monofunctional M to tetrafiinctionai Q units in the range of about 0.3:1 to about 2.5:1 . 

2p 3. The method of providing an ultraviolet radiation curebie composition as in Claim 1 or Claim 2, wherein 
said (A) is a linear silicone molecule of general formula MD^xPyM, where M is RsSiOis. D" is R(H)Si02n, 
D is F^SiOaa, and where x ranges from aboid 2 to about 50, and where y ranges from alxxit 5 to about 
500, and where R is an aliphatic or aromatic radical. 

4. The method of providing an ultraviolet radiation curable composition as In any preceding daim, wherein 
(B) is of the general formula M^Q or mJlTQ. where is CH2=CH(R)2SiOia, T Is RSKha. and Q is 
SiO^a, and where the ratio of total M:Q is about 0.3:1 .0 to about 2.5:1.0. 

5. The method of providing an ultraviolet radiation curable composition as in any preceding daim, wherein 
(B') is of the general formula CH2=CHCHO(CHR'CH2P)R.'', wrhere R' is H, OH,, or GsHs; and where R" is 

^ H, R. or -CHrCH«CH2, and where z Is about 1 to about 50. 

6. The method of providing an ultraviolet radiation curaiiie composition as in any preceding daim, wherein 
said intermediate reaction product (C) and (C) are of the general formulas: 

(C) isMD^„DH^. 

^ where n + m = X, and where is RSKM^MQ or WMJOiCha. where is •CH2CH2SIR2O1/2: and 

{C*) is MD^Jl^JM. 
where a + b + cXtD^is 

RSi[M3l[OCH(R')CH2kOR'102a. 
where is -CHjCHaCHr. R' is H, CH3, or CaHs. and R' is R. H, or M^Si sfrom an adjacent polymer chain; 
^ and where n ranges firom about 1 to about 20, m ranges from about 1 to atxxit 40, a ranges from about 1 

to about 20, and b ranges from about 1 to about 10. 

7. The method of providing an ultraviolet radiation curable composition as in any preceding daim, wherein 
(D) is selected from aliphatic, cydoaiiphatic, or glycidyi epoxy compounds also bearing definic groups 

45 capable of undergoing hydroslation addition reactions with SiH-fiincOonai groups. 

8. An ultraviolet radiation curable release coating composition comprising: an epoxy-fu notional siiicone (E) 
bearing pendent silicone Q resin or an epoxy-functional silicone (E') bearing pendent siiicone Q resin plus 
pendent polyether blocic segments, or mbctures of (E) and (E'), 

50 (E) or (E') respectively, resulting from the reaction of (A) a low molecular weight SIH-containing sH- 

icone fluid with, 

(B), a siiicone resin of the formula M^MQ or M^MTQ wherein is a vinyl-substituted monofunc- 
tional chainstopper unit R'^R2SiOo.5 where R*< is a vinyi-contalning aliphatic hydrocarbon radical, and R is 
an aliphatic or aromatic hydrocarbon radical or, 
55 (B) + (B'), an allylated or diallylated pdyether of structure CH2=CHCH20(CHR'CH20)aR", where 

a is an integer from 1 to 50 and R" is H. R, or -CHaCH=CH2, or 

mixtures of (B) and (B') in such a fashion that the total moles of SiH in (A) exceeds the total moles 
of olefin in (B) + (B'} to produce respectively. 
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(C), an SiH-containing intermediate composition bearing pendent silicone Q resin or, 
(C), an SiH-containing intermediate composition tiearing pendent silicone Q resin and pendant 
polyether blocks, and the subsequent reaction product of the available SiH groups of (C) or (C) with an 
unsaturated epoxy-contalning compound (D) thereby respectively producing (E) or(P) ormbctures there- 
of. 

9. The ultraviolet radiation curable composition as In daim 8, wherein said (A) is a linear silicone molecule 
of general formula MDH,DyM, where M is RaSiOin, D" Is R(H)Si02n. D is RaSiOaa. where x ranges from 
about 2 to about 50, y ranges from about 5 to about 500, R is an aliphatic or aromatic radical. 

10. The ultraviolet radiation curable composition as In claim 8, wherein (B') is of the general (brmula 
CH2=CHCHCKCHR CH20)Ri", where R" is H. CH3, orCaHg; and where R" la H, R, or-CH2-CH=CH2, and 
where z is about 1 to about 50. 

11. The ultraviolet radiation curable composition as in claim 8, wherein (B*) is present in an amount up to about 
50 weight % based upon the total weight of Components (B) and (B'}. 

12. The ultraviolet radiation curable composition as in daim 8, having a release characteristic which varies in 
proportion to the amount of such material combined with epoxysiane. 

13. The ultraviolet radiation curable composition for forming a release ooatng for pressure sensitive adhe- 
sives, said method comprising the steps of: 

combining (A) a low molecular weight SIH containing silicone fluid and (B) a silicone resin having 
the formula Mvimq or M^TQ wherein M^i is a vinyl substituted mono-functional RViRjSiOoi unit where 
Rvi is a vinyl containing aliphatic hydrocarbon radical and R is an aliphatic or aromatic hydrocarbon radical, 
said silicone resin having a ratio of mono-functional to tetra-functional units in a range from about 0.3:1 
to about 2.5:1; or 

(B'), an aHylated or diallylatsd polyether of siructure CH2=CHCH20(CHR"CH20),R"'. where a Is an 
integer from 1 to about 50 and R" is H, R, or -CH2CH=CH2; or 
mixtures of (B) and (B'), 

partially crosslinking (A) and (B) or (B') to respecOvely form a partially crossiinked product (C) or 

(C); 

combining (C) or (C) with (D) an epoxy-contalning unsaturated compound selected from epoxy- 
containing olef inic aliphatic or cydoaliphatic hydrocarbons thereby respectively producing (E), an epoxy- 
functional silicone polymar bearing pendant Q resin, or 

(E') an epoxy-functional siicone bearing pendent silicone Q resin plus pendent polyether block seg- 
ments; or 

mixtures of (E) and (E'). 

14. The UV curable epoxysillcone polymer (E) or (E') comprising: 

the reaction product of 

(A) a low molecular weight SiH containing fluid and (B) a M^MQ or M^iMTQ resin; or 
(A) and (B') an allylated or diallylated polyether of structure CH2=CHCH20(CHR'CH20),R". where 
a is an integer fi-om 1 to about 50 and R" is H, R, or-CH2CH=CHa, resulting in a first hydrosllabon partial 
crosslinking reaction product (C), and (C) respectively. 

the subsequent respective reaction product (E) or (E') of (C) and (C) plus (D), an epoxy containing 
unsaturated compound selected from aliphatic or cydo aliphatic epoxies. said product (E) being an epoxy- 
functional silicone bearing pendant siicone Q resin moieties and said product; (E') being an epoxy- 
functional silicone bearing pendent silicone Q resin plus pendent polyether block segments or mbthjres 
of said products (E) and (E'). 
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resulting materials function as control release 
additives In pressure sensitive adhesives. 
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